
UNCLASSIFIED

AD NUMBER

AD363641

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution: Further dissemination only
as directed by Defense Atomic Support
Agency, Washington, DC 20301, JUL 1954, or
higher DoD authority.

AUTHORITY
DNA ltr, 21 Dec 1984; DNA ltr, 21 Dec 1984

THIS PAGE IS UNCLASSIFIED



WT7639

Copy No. A

IVY~~~ cv T71

November 1952

TECHNICAL PHOTOGRAPHY

__ RESTRICTED DATA
This document contains restricted data as

_______defined in the Atomic Energy Act of 1954.
_________Its transmittal or the disclosure of its

______________contents in any manner to an unauthorized

person is prohibited.

JOINT TASK FORCE 132 1

DODCL SECRETI

=bdovqanqcddccxcuded from MutOwatid A

IoynL



SECRET __
"@ •-1639 \,

This document consists of 101 pages

No. 1 5 3 of 200 copies, Series A

Report to the Scientific Director

&•- TECHNICAL PHOTOGRAPHY •IL "

By

Staff of

Edgerton, Germeshausen & Grier, Inc.

ALL DTR, BTN OF THIS REPORT IS CONTROLLED. QUALM .,,

UsERS SHALL REQUEST THROUG1n \ ik..

Defense Atomc support
' Washing•ton, D. C. 20301

Edgerton, Germeshausen Grier
Boston, MasstI

RESTRICTED DATA k
This document contains restricted data as de-
fined in the Atomic Energy Act of 1954. Its
transmittal or the disclosure of its contents in
any manner to an unauthorized person is pro- .
hibited.

SECRET
I~Ewldt ommcntomatioI

ldvwurdiitq anddeclrawilicadon~



G
SH 4

A Alice Bogallua
B Belle Bogombogo
C Clara Ruchi ov
D Daisy Cochiti iW
E Edna Sani ldefonso
F Flora Elugelab
G Gene Teiteiripucchi
H Helen Bogairikk
I Irene Bogon
J Janet Engebi
K Kate MuzinbaarikkuN
L Lucy Kirinian
M Mary Bokonaarappu
N Nancy Yeiri ,iZ
O Olive Aitsu AA Alvin Chinieero %.
P Pearl Rujoru BB Bruce Aniyaanii It I
R Ruby Eberiru CC Clyde Chinimi \4AA
S Sally Aomon DD David Japtan 4
T Tilda Biijiri EE Elmer ParryBB
U Ursula Rojoa FF Fred Eniwetok
V Vera Aaraanbiru GG Glenn Igurin ICC
W Wilma Piiraai HH Henry Mui
Y Yvonme Runit II Irwin Pokon
Z Zona Site M JJ James Ribaion

fLL KK Keith Giriinien
V LL LeRoy Rigili fEE

I

"J(K
,JJ

"• HH
'•-, GG

ENIWETOK ATOLL

2

SECRET - RESTRICTED DATA



ASTRACT

Edgarl= Ge&i-es- " m.I , n.aa=y 'om the foll
ing photograr .ic activities on Operation Ivy. , .re ' oti" -

ý 11 Determine fireball yield from high-speed cameras and Rapatronics. .,
S2.` Record cloud-rise and -drift phenomena.

,3. Determine luminous emittance of the fireball.
-4.4 Ietermine time to the minimum by means of Bhangmeters •

D•. Determine position of burst for King shot.
Q6. Record mortar and gun bursts for J-10.---'
:7i Record water wave from Mike shot.
,8i Record smoke rocket trails on King s

9: iRecord the television monitor sc n on-kike shot from M- I hr to zero time.
,10. In addition, -E r perated experimental GMX-9 camera, an experimenta'Tele-

scopic Rapatronic camera, and image-converter camera. . -

Fireball yield was de r'mined to be 10,900 ± 500 KT for mE 5 KT for
King shot.,

The Mike c d reached a maximum height of slightly over 100,000 ft in about 4 min, at
which time. e diameter had become about 100,000 ft. At the end of 1 hr the cloud ha( spread
out oa range of 300,000 ft. The King cloud attained its maximum height of 65,000 ft in
AI.ghtly over 4 min, while growing to a 40,000-ft diameter

Bhangmeter records on Mike shot were not adequate -,termine tne time to the minimum.
King Bhangmeters gave an average time to the minimum of 6 s'ec, which is scaled to a yield
of 440 ± 90 KT.

King position of bursc with respect to the Coral Survey Statioif (N 100,000, E 100,000) was
determined to be

N 108,450 ± 30, an error of 300' N
E 123,650 ±: 20, an error of 480' W
Height, 1480 ± 20 ft above sea level

This position corresponds to latitude N 11033144" and longitude E 162021,09".
The disposition of the film prints is outlined in Appendix B.

3-4

SECRET -RESTRICTED DATA



a

CONTENTS
Page

ABSTRACT 3

CHAPTER 1 INTRODUCTION 9

CHAPTER 2 FILM HANDLING . . . . . . 14

CHAPTER 3 PROJECT 3.1: FIREBALL YIELD DETERMINATION . . . 16

3.1 Procedures . . . . . . . . . . . 16
3.1.1 Mike Shot I . . . . . . . . . 16

3.1.2 King Shot . . . . . . . . . . . 18

3.2 Camera, and Exposures . . . . . . . . 18
3.2.1 Mike Shot . . .. 18
3.2.2 King Shot 18

3.3 Fireball Diameter-Time Characteristics 20

3.4 Fireball Scaling 21

3.4.1 Mike Shot . . 26

3.4.2 King Shot 29

CHAPTER 4 PROJECT 3.2: CLOUD RISE 30

4.1 Mike Shot . 30
4.2 King Shot . 31
4.3 Results 31

CHP.A--r ER 5 PROJECT 3.5; LUMINOUS EMITTANCE VS TIMAE 38

CHAPTER 6 PROJECT 3.6: BiHANGMETERS, MODII 39

CHAPTER 7 PROJECT 3.8: POSITION OF BURST 42

CHAPTER 8 PROJ-ECT 6.2: MORTAUR AND GUN BURST 44

CHAPTER 9 PROJECT 6.4a: WATER-WAVE PHOTOGRAPHY 47

CHAPTER 10 PROJECT 6.14: ROCKET PHOTOGRAPHY 48

CHAPTER 1I PROJECT 10.1: TELEVISION AND WORLD TIM4, 49

SECRET- RESTRICTED DATA



CONTENTS (Continued) Page

CHAPTER 12 MISCELLANEOUS . . . . . . . . . . 53

12.1 GMX-9 Model 7 Camera . . . . . . . . 53
12.% Image-converter Camera I . . . . . . . . 53
12.3 Teletronic Camera . . . . . . 57

APPENDIX A BLOCK DIAGRAMS OF PHOTOSTATIONS . . . . 59

APPENDIX B FILM COMPOSITION AND DISPOSITION . . . . . . 67

APPENDIX C METEOROLOGICAL DATA . . . . . . . . 69

APPENDIX D CAMERA DATA SHEETS . . . . . . . . 71

ILLUSTRATIONS

CHAPTER 1 INTRODUCTION

1.1 Elmer Phototower, Station 301 . . . . . . . . 10

1.2 Camera Installation, Station 301 . . . . . . . . 11

1.3 Map of Photostations .. . . . . . . . . 12
1.4 Typical Shielded-camera Installation 13

CHAPTER 2 FILM HANDLING

2.1 Hauser Profile Measuring Microscope 15

CHAPTER 3 PROJECT 3.1: FIREBALL YIELD DETERMINATION

3.1 Shielded-yield-camera Installation . 17
3.2 Fireball Diameter Vs Time, Mike Shot 22
3.3 Fireball Diameter Vs Time, King Shot 23
3.4 4 Vs Time, Mike Shot 24
3.5 0 Vs Time, King Shot 27

CHAPTER 4 PROJECT 3.2: CLOUD RISE

4.1 Sketch of Cloud Form on Mike Shot 32
4.2 Diameter and Height of Mike Cloud As a Function of Time 3
4.3 Mike Cloud, 1 Min, 40 Sec . 34
4.4 Diameter and Height of King Cloud As a Function of Time 35
4.5 King Cloud, 3 Min, 20 Sec . 36

CHAPTER 6 PROJECT 3.6: BHANGMETERS, MOD II

6.1 Bhangmeter Records, Mike and King Shots 40
6.2 Calibration Curve, Time t j M inimum Vs Yield . 41

CHAPTER 7 PROJECT 3.8: POSITON OF BURST

S7.1 Theo'lote-eamera Locations, King Shot 43

6

SECRET- RESTRICTED D•A



ILLUSTRATIONS (Continued)
Page

CHAPTER A PROJECT 6.?: MORTAR AND GUN BURST

8.1 Mortar-photography Camera Stations 4.

8.2 Camera Fields of View, Gun-burst Photography 46

CHAPTER 11 PROJECT 10.1: TELEVISION AN15 WORLD TIME

11.1 Data Monitoring Panel with Television Monitoring Record,
Mike Shot 50

11.2 World-time Photography Installatioi 51
11.3 World-time Records, Mike Shot 52

CHAPTER 12 MISCELLANEOUS

12.1 GMX-camera Record, Mike Shot 54
12.2 Image-converter-camera Installation 55
12.3 Teletronic Image, Mike Shot 56

APPENDIX A BLOCK DIAGRAMS OF PHOTOSTATIONS

A.1 Photographic Installation, Janet, Mike Shot 61
A.2 Photographic Installation, Yvonne, Mike Shot 62
A.3 Photographic Installation, Elmer Tower, Mike and King Shots 63
A.4 Photographic Installation, Elmer Ground, Mike and King Shots 64
A.5 Photographic Installation, Elmer CP, Mike and King Shots 65
A.6 Photographic installation, Ursula, Mike and King Shots . 66

TABLES

CHAPTER 3 PROJECT 3.1: FIREBALL YIELD DETERMINATION

3.1 Summary of Eastman Operation, Mike Shot 18
3.2 Summary of Rapatronic Operation, Mike Shot 19

3.3 Summary of Eastman Operation, King Shot 19
3.4 Summary of Rapatronic Operation, King Shot 20
3.5 Fireball Diameter As a Function of Time, Mike Shot 25
3.6 Fireball Diameter As a Function of Time from Rapatronics,

Mike Shot . 25
3.7 Fireball Diameter As a Function of Time, King Shot. 25
3.8 Fireball Diameter As a Function of Time from Rapatronics,

King Shot . 25
3.9 0 As a Function of Time, Mike Shot . 25
3.10 4, As a Function of Time from Rapatronics, Mike Shot 25
3.11 Statistical Analysis of Mike Fireball Data. . 28

3.12 4) As a Function of Time, King Shot 28
3.13 (A As a Function of Time from Rapatronics, King Shot 28
3.14 Statistical Analysis of King Fireball Data . 28

CHAPTER 4 PROJECT 3.2: CLOUD RISE

4.1 Summary of Photostations. 31

SE E R 7

• SECRET -RE•STRICTED DATA



TABLES (Continued)
Page

CHAPTER 6 PROJECT 3.6: BHANGMETERS, MOD Ii

6.1 Bhangmeter Results, King Shot . 39

APPENDIX B FILM COMPOSITION AND DISPOSITION

B.1 Mike Release-print Assemblies 68
B.2 King Release-print Assemblies 68

APPENDIX C METEOROLOGICAL DATA

C.1 Meteorological Conditions, Operation Ivy . 69

8

SECRET- RESTRICTED DATA



SECRET

CHAPTER 1

INTRODUCTION

Various types of photostations were used in Operation Ivy. A 125-ft tower (Station 301),
shown in Fig. 1.1, was located on Elmer. Figure 1.2 shows some of the cameras installed in
the racks. A second photostation (Station 302) was set up on a concrete pier at the foot of this
tower, with cameras enclosed in heavy lead boxes mounted on top of the pier. The lead boxes
were employed as shielding against the possible heavy fall-out radiation. A third station on
Elmer (Station 308) was located inside the control-room compound. Three other major photo-
stations constructed dimilarly to Station 302 were built on top of existing timing stations on
Janet (Station 303), Ursula (Station 306), and Yvonne (Station 307). In addition, an Eastman
Cine Special camera was mounted on a special concrete column on Ursula (Station 305) to
record water-wave motion on Mike shot. For King shot the coral station Oscar (Station 304)
was activated with two Galileo phototheodolites to record position of burst. Figure 1.3 indi-
cates the positions of the sever•a ground stations.

Supplementary yield cameras were operated on Mike shot from the USS Estes, primarily
to provide a means of determining yield quickly should reentry to the atoll be delayed. Cloud-
rise photography on Mike shot was documented from both the USS Curtiss and the USS Estes,
as well as from two C-47 aircraft flying at varying distances from Ground Zero.

Because of the high levels of fall-out radiation that could be expected from Mike shot, all
the ground-.sation cameras were shielded by lead boxes whose sides consisted of 11/2 in. of
lead sandwiched between '/2 in. of steel plate. These boxes were made in two sizes, one for the
larger cameras and the other for the smaller ones. Figure 1.4 illustrates a typical shielded-
camera installation.

Timing signals were sent from the master timing station on Flora through cables either
direct to the photostation or relayed through auxiliary timing stations. These signals, occur-
ring at -15 rain and -15, -2.5, -1.5, and -0.5 sec, closed DN-11 relays, which caused various
of the camera electricel circuits to be closed, thereby making the cameras operate at the
proper time. Block diagrams of the various photostations are presented in Appendix A. 'Fur-
ther.information on the timing and ccntrol systems of Ivy may be found in Report WT-609,
Timing and Firing and Fiducial Markers.
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CHAPTER 2

FILM HANDLING

A fully equipped photo-processing trailer belonging to Edgerton, Gernieshausen & Grier,
Inc. (EG&G), was shipped to Eniwetok to take care of all black-and-white processing require-
ments. Films were stored in refrigerators on Elmer until needed. At least one complete
camera dry run was made before each shot, and films used for this run were perforated,
loaded, and processed just as for a live run. Film was taken out of th? refrigerators, perfo-
rated with the appropriate EG&G identification number, exposed to a sensitometric strip and
reticle, and readied for loading into cameras at least 24 hr before the scheduled shot time.

As soon as possible after the shot was fired, recovery parties returned to the photo-
stations and removed all film from the cameras, checked to be sure which cameras had oper-
ated properly, and noted any improper operation.

Since the processing trailer was located on Elmer, the films from the stations on this
island were unloaded immediately and processing was commenced. The processing plan was
to develop all films in order of importance, i.e., Rapatronics and Eastman yield films first, so
that a quick preliminary analysis could be made. Films from the slower motion-picture cam-
eras, as well as any other glass plates, would then be developed according to size and emulsion.

On Mike shot, because of the unusually wide range of light levels, many of the films were
badly under- or overexposed during some portions of interest. Thus each Eastman film was
developed individually to make sure that the most information possible was obtained.

As soon as the major films were dry, they were analyzed for a preliminary yield figure.
Analysis facilities consisted of a small light box and rewinds built into one end of the photo-
trailer and a Hauser Profile Measuring Microscope, Fig. 2.1. Position of burst was also de-
termined here for King shot, and a preliminary report was issued.

After the preliminary analysis work had been done, motion-picture films were shipped to
Hollywood for printing before being returned to Boston for final analysis. It should be pointed
out that the field processing facilities could handle only black-and-white development, so the
final step of converting some footage to color by rehalogenation (Eastman Color Negative) was
deferred until EG&G personnel could direct this step at the Air Force Lookout Mountain Labo-
ratory in Hollywood.

The process for preparing a single-topic reel of typical black-and-white films for release
was as follows:

Original camera negative was spliced into a convenient roll no longer than about 1000 ft,
including perforated identification numbers, gray scales, and graticules. Fine-grain master
positive contact prints were made in sufficient number and variation with experimental ex-
posures to allow editing and intercutting of one best standard master. The range of exposures
used, sometimes within a few-foot length, was from the least exposure commercially available
to more than 40 per cent above the highest standard exposure. Duplicate negative footage was

14
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then generated in camera position to act as printing master for release films and was edited
further for the screen.

A titled negative show was then prepared by cutting in slates, credits, maps, ar,d security
leader negatives that were separately prepared fion field notes. Release prints were issued,
after one or two trial prints to ascertain the best screen effects. These were further edited on
the basis of the net effect of a whole show and the particular detail it was possible to preserva

Fig. 2.1 -Hauser Profile Measuring Microscope.

at various light levels. (The pictures that are issued are really a copy of a copy of a copy, and
the original negatives are never printed for release.)

Preparation for the laboratory and cutting-room work for this operation required the
manufacture of titles. Worcester Film Corporation made '15 black-and-white titles for indi-
vidual film slates, to which were added scale bars to give dimension to the various camera
fields of view. EG&G prepared 10 main titles and 12 maps to identify camera purposes, posi-
tions, and "targets. For Mike and King shots, 800 ft of titles was required.

A cutting room with Movieola and projector was rented from the Hollywood Film Company
Editing Film Center. Consolidated Film Industries printed and developed the film. Cinema
Research ran two sets of optical prints required for title and scene. On the holidays and
week ends, Lookout Mountain Laboratory provided additional space and equipment where se-
curity required.

A total of approximately 17,000 ft of release prints was made and released to the interested
agencivs. Distribution of the various reels is listed in Appendix B.

15
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CHAPTER 3

DDOp IEIT 1 1. rID.tAtI VIIE 1" iTI:TDAAIkIATIftM

As on previous operations, fireball diameter was measured from various types of photo-
graphic records and plotted as a function of time. These data are used in the determination of
the energy release of the nuclear device (so-called fireball scaling) and in the determination of
frpe-air overpressures by the hydrodynamic relations between pressure and shock velocity.

3.1 PROCEDURES

3.1.1 Mike Shot

The techniques necessary for satisfactory photographic coverage of Mike shot were com-
plicated by the gross uncertainty of the expected yield. It was necessary to plan the photo-
graphic coverage on the basis of a probable yield of 4.5 MT and on the basis of possible limits
of from 50 KT to 40 MT. The primary determination was obtained from six Eastman high-
speed cameras located at Station 302, the ground station on Parry Island. Each camera was
shielded against fall-ot radiation by a factor of approximately 100. Backup photography was
provided by a group of 12 unshielded Rapatronic cameras in Station 301, the 125-ft-high Parry
phototower.

In order to cover the eventuality of a low-order explosion, a photostation was set up on
Engebi (Station 303) with five Eastman high-speed cameras, each shielded against fall-out
radiation by a factor of 100. This station was only 19,400 ft from Mike zero as compared to a
distance of 114,000 ft for the Parry stations. Three of the Eastman cameras were provided
with long-focus lenses to cover the possibility of a low-order detonation; the other two were
provided with short lenses to back up the measurements being made from the two Parry sta-
tions.

The problem of being able to determine a quick, reliable yield figure, in the event that re-
entry to the atoll would be delayed, was met by mounting two Eastman cameras on a stabilized
platform on the kingpost of the USS Estes. These cameras were set to run at approximately
1000 frames/sec.

Figure 3.1 shows a typical installation of shielded cameras, in this instance Station 302 on
Parry. To position these cameras, they were faced away from Ground Zero, then rotated 900
to a vertical position and mounted on the rear panel of the lead boxes. This method of camera
arrangement meant that images received were reversed left to right from the normal image.
Mirrors were mounted on the tops of the lead boxes and adjusted to approximately a 450 angle by
means of setscrews. Each mirror was held in a closed position by means of a wire; when a
predetermined signal was received, the wire burst and a counterweight caused the mirror to
opep and maintain its correct position. A thick lead-glass plate in the top of the lead box al-
lowed the mirror object image to be viewed by the camera. It was felt that these elaborate
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